The modulation of MHC class I molecule expression on the surface of cells as a consequence of footand-mouth disease virus (FMDV) infection has been examined. On cells infected with FMDV, class I expression was reduced to approximately 70 % of the initial value 3 h after the infection and to 53 % after 6 h. On cells depleted of surface class I complexes by acid treatment, the appearance of newly assembled class I-peptide complexes on the cell surface of non-infected cells increased immediately upon neutralization and original class I levels were recovered in about 20 h. In contrast, the appearance of new peptide-bound class I molecules on the cell surface was inhibited as early as 30 min after FMDV infection. Since the shut-down of FMDVmediated host protein synthesis occurs approximately 2-3 h post-infection, this result suggests that an earlier event, which prevents the surface expression of newly synthesized complexes, is induced following FMDV infection. Thus, FMDVinfected cells rapidly become unable to present viral peptides in association with MHC class I molecules to T lymphocytes. Such a mechanism would assist virus evasion of the cytotoxic immune response of the host.
The modulation of MHC class I molecule expression on the surface of cells as a consequence of footand-mouth disease virus (FMDV) infection has been examined. On cells infected with FMDV, class I expression was reduced to approximately 70 % of the initial value 3 h after the infection and to 53 % after 6 h. On cells depleted of surface class I complexes by acid treatment, the appearance of newly assembled class I-peptide complexes on the cell surface of non-infected cells increased immediately upon neutralization and original class I levels were recovered in about 20 h. In contrast, the appearance of new peptide-bound class I molecules on the cell surface was inhibited as early as 30 min after FMDV infection. Since the shut-down of FMDVmediated host protein synthesis occurs approximately 2-3 h post-infection, this result suggests that an earlier event, which prevents the surface expression of newly synthesized complexes, is induced following FMDV infection. Thus, FMDVinfected cells rapidly become unable to present viral peptides in association with MHC class I molecules to T lymphocytes. Such a mechanism would assist virus evasion of the cytotoxic immune response of the host.
Foot-and-mouth disease virus (FMDV) is a picornavirus that causes a vesicular disease in cloven-hooved animals. The disease is highly contagious, and is spread rapidly by direct contact with infected animals, as well as by contamination of the environment. Clinical symptoms are observed within a few days after virus infection, following the emergence of viraemia. Normally, the acute phase is resolved in about 1 week, probably mediated by an efficient antibody response (Van Bekkum, 1969) . However, some animals present a chronic Author for correspondence : Victoria Ley.
Fax j34 1 6 20 22 47. e-mail ley!inia.es phase which is asymptomatic and can result in the animals becoming carriers of virus (reviewed by Salt, 1993) . The role of the T-cell immune response in the pathology of the disease is still unclear. There is evidence of the importance of T helper lymphocytes in the development of the response (Collen, 1994) , but the induction of FMDV-specific effector CTL has been difficult to evaluate (Rodriguez et al., 1996) .
Recently, we have observed a cell-mediated immune response induced in animals inoculated with recombinant vaccinia viruses expressing FMDV antigens (Sanz-Parra et al., 1998) . Although we could detect the induction of FMDVspecific CTL in the splenocytes of the immunized animals, the levels of observed cytolytic activity were low. A possible explanation for this result could be a low level of expression of class I-peptide complexes on the cell membrane of FMDVinfected cells, resulting in an inefficient presentation of viral peptides bound to MHC class I molecules. A number of viruses have been shown to modulate the expression of MHC class I molecules by different mechanisms, resulting in either an increased or decreased expression of these molecules (reviewed by Spriggs, 1996) .
To examine this possibility, we measured the expression of MHC class I molecules on the cell surface of several cell lines after different times of incubation with FMDV. MHC class I and class II surface expression was determined by flow cytometry on a FACScan (Becton Dickinson) using the specific anti-swine MHC class I or class II monoclonal antibodies MAb 4B7\8 or MAb 2E9\13 (Bullido et al., 1996) , respectively. Cells (2n5i10&-5i10&) were washed twice with PBS containing 0n1 % BSA and 0n01 % sodium azide (FACS buffer) and incubated for 30 min at 4 mC with 50 µl MAb supernatant (1 : 2 dilution). After washing twice in FACS buffer, cells were incubated for 30 min at 4 mC with 50 µl FITC-conjugated rabbit anti-mouse F(abh) # (Dako), washed twice, fixed in 0n37 % formalin and analysed. For all samples, living cells (more than 95 % of total cells) were gated based on forward and side scatter. As shown in Epithelial cells have been reported to be the target cells for FMDV infection, resulting in a rapid virus production therein, followed by cell lysis. However, there is evidence that FMDV can also enter macrophages, in which there is synthesis of viral proteins but limited or no progeny virus production (Baxt & Mason, 1995) . In this case, both the viral particles present in the cultures and the endogenous synthesized viral polypeptides would allow processing and presentation of viral peptides in association with MHC molecules on the surface of macrophages. Such presentation would then be involved in stimulation of antigen-specific T-cells. The increased expression of class II molecules on macrophages after incubation with FMDV indicates that these cells are stimulated upon interaction with FMDV and suggests that swine macrophages could have the capacity for presentation of viral peptides in association with MHC class I and class II molecules, which would result in the potential to stimulate and maintain a T-cell response against FMDV. Down-regulation of class I expression can be a consequence of several effects induced by the virus. The most drastic of these would be the shut-off of host-cell protein synthesis, thus halting the expression of host-cell proteins (Diez et al., 1990 ; Jen et al., 1980) . Nevertheless, many viruses inhibit MHC class I expression using other mechanisms. For example, the interaction of viral products with the antigen processing and presentation pathway may prevent the assembly and\or the egression of nascent class I molecules to the cell surface (Spriggs, 1996) . Two poliovirus polypeptides have been identified with the capacity to prevent the transport of cellular proteins, including MHC class I molecules, to the plasma membrane (Doedens & Kirkegaard, 1995) . Both poliovirus and FMDV belong to the Picornaviridae and share similar structural and molecular characteristics. Therefore, we investigated the possible interference of FMDV infection on the kinetics of class I surface expression. To this end, we measured the rate of appearance of newly assembled MHC class I-peptide complexes on cells depleted of surface class I complexes by acid treatment.
Newly synthesized class I molecules bind to peptides generated from the degradation of endogenous proteins and associate with a molecule of β # -microglobulin in the endoplasmic reticulum. This complex is then transported to the plasma membrane where it may be recognized by the T-cell receptor of the CTL (Towsend & Bodmer, 1989) . When cells are treated for 1 min with citrate-phosphate buffer at pH 3, MHC class I complexes will be denatured. This treatment results in the release of the peptides and the β # -microglobulin from the MHC class I molecules, thus rendering the molecules unrecognizable by an anti-MHC class I MAb (Storkus et al., 1993 ; Suguwara et al., 1987) .
When PK-15 cells were acid-treated and then neutralized, MHC class I surface expression was reduced to 25-40 % of the initial value (cell viability was assessed by trypan blue dye exclusion to be 90 %). Fig. 2 (a) shows the effect of this treatment in a representative experiment in which class I expression was reduced to 35 %. In agreement with previously reported results (Suguwara et al., 1987) , acid treatment had little influence on the expression of another surface molecule, swine CD46, recognized by the MAb 6D8F11 (Bullido, 1997) . Upon neutralization, treated cells immediately started to regenerate their surface MHC class I-peptide complexes, reaching 100 % of the initial value after 18-21 h in culture (Fig.  2 a) . In contrast to these results, recovering cells (3 h after acid neutralization) were unable to restore levels of MHC class I expression upon FMDV infection. Indeed, the infected cells displayed a decrease in surface class I labelling, showing that MHC class I surface expression was inhibited as early as 10 7 ) were detached with 10 mM EDTA, washed with PBS and pelleted. Cells were resuspended in 500 µl citrate-phosphate buffer at pH 3, maintained for 1 min at room temperature and rapidly neutralized by adding 10 ml Ham's medium. After washing, cells were incubated in EMEM containing 5 % foetal calf serum and assayed for MHC class I ($), class II (#), and CD46 (>) expression. (b) Acid-treated PK-15 cells were incubated in EMEM containing 5 % foetal calf serum for 3 h before either FMDV infection (2 p.f.u. per cell ; $) or mock infection (#). Samples were taken at different times post-infection to determine the appearance of newly synthesized MHC class I complexes on the cell surface. Data are expressed as the percentage of the mean intensity of fluorescence staining of each cell sample with respect to the reference mean fluorescence for untreated PK-15 cells. Percentage values were obtained according to the formula : (mean intensity of the samplekbackground intensity)/(mean intensity before acid treatmentkbackground intensity)i100. A representative result of three independent experiments is shown. 30 min after FMDV addition to the cultures (Fig. 2 b) . Due to the fact that these cells had been washed in protein-free medium after the acid treatment, the appearance of MHC class I molecules on the cell membrane would be a result of the expression of newly assembled complexes. Thus, such a rapid reduction of MHC class I surface expression after addition of FMDV to the cultures suggested that the assembly or the intracellular pathway of newly assembled MHC class I-peptide complexes was inhibited. Another possible cause for the observed decrease of MHC class I expression in FMDVinfected cells is the shut-off of host protein synthesis. This would result in a lack of class I and other proteins necessary for the assembly of the complexes. However, the shut-off following FMDV infection occurs approximately 2-3 h postinfection (Diez et al., 1990) . Moreover, the intracellular pool of cell proteins synthesized before the shut-off occurred should have provided molecules able to be complexed and transported, thus delaying the appearance of the class I reduction effect, if it were simply due to virus-induced host-cell synthesis shut-off.
Altogether, these results are consistent with the hypothesis that an early event induced upon FMDV infection could prevent the expression of MHC class I-peptide complexes on the plasma membrane and this effect could be further enhanced by the subsequent virus-induced shut-off of cellular protein synthesis, resulting in a rapid reduction of class I expression on FMDV-infected cells. The inhibitory mechanism could affect the expression of other cellular proteins, relating to the situation described for poliovirus (Doedens & Kirkegaard, 1995) . Among the consequences of this effect is the impairment of the presentation of viral peptides by FMDV-infected cells to cytotoxic T lymphocytes, thus facilitating virus escape from this particular antiviral response of the host.
